Implementation and application of an
adaptive mesh adjoint model with
ICOM



Page 2

Objective

Heatnres oitheorward andiadjomtimodels
Implementationoirtheradjomtimodel inmtE OVl
APplICALIONS

IDISCHSSIon and e work

© Imperial College London



OBJECTIVE

To develop an adjoint model to assimilate observations
into a 3D unstructured prognostic model with free
surface

observations:

SSH, SST velocities,
etc.

A

qr

« 3D nonlinear finite element
« non-hydrostatic solver
. mesh adaptivity

« optimal parallel computing
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Functional
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« Different options for non-linear discretisation and adaptive meshes
for the forward and adjoint models;

- Dynamically adapt the mesh to optimise the accuracy of the
Inversion problem and forward solution;

« Incorporation of changing computational domain (free surface) into
the 3-D adjoint model and sensitivity analysis;

« Inclusion of penalty terms to remove ill-posedness of the inversion
problems and regularise control variables spatially and temporarily;

« Potential to accelerate the inversion with a hierarchy of increasingly
fine mesh inversions.

Page 7 © Imperial College London



Definition of the inverse problem
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Where, f(X,X ,f) and &(X,X,,?)
are the numerical solution and observation at the detector x

m is the control to be optimised, such as, initial and
boundary conditions, wind stresses, bottom drag
coefficients, permeability, saturations etc.



Optimization
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Here, an adjoint method is used to calculate

the gradient of the cost function
(nonlincg.F90).
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Implementation of the adjoint model in ICOM

DO LOOP of Nonlinear
CG

1. Run the forward model
2. Calculate the cost function

1. Run the Backward Model
2. Calculate the gradient

Call the Line search

w(i+1l) =w() +ad(@)

Satisfy the criteria
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Inversion with a dynamically-adapting mesh

Forward model
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Example.gem

« Output at each time level---
forward _Interface.F90

(1) the forward solution;
(2) the forward meshes;
(3) the free surface.

« Calculate the objective function---
function.F90;

Read the observational data: ---- exasol.F90
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Example ADJ.gem

« The same computer domain for the forward
and adjoint models—Iinterpolate the free
surface from the forward mesh onto the
adjoint mesh;

 Interpolate the forward solutions from the
forward mesh onto the adjoint mesh;

« Calculate the source terms — sourceFS.F90;
« Calculate the previous and current gradients;

Adjoint_interface.F90,
Readdata _nonl gradient.F90
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Input data (input.dat):
2. Forward and adjoint file names;

3. Observational file name:
4. The numbers of time levels and detectors

Observational data (AdjSourceData.dat):

2. Positions
3. Time levels
4. Observational data at each time levels

Gaussian spreading data (GaussianSpread.dat):
2. Number of the detectors where the observational data is available

3. Width of the Gaussian function
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The cost function (when considering assimilation of the sea level)

The observations are obtained using an identical twin experiment
The water depth:

The exact inlet tidal height:
The corresponding inlet velocity:

Slip boundary conditions are applied at coast and at bottom; Stress
free condition on the free surface
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Test casel: 2D tidal flow

N,..=650+1.0sin(z/T);T =12 3600s

~—

Wall

100 m

n.. =65.0+0.5sin(z/7T);T =12 3600s



Test case 2: Inversion of 3D free surface flow

n,.,=650+1.0sin(z/T);T =12 3600s

Inflow

—

n,. =4@/T 0.5 +1,T =12 3600s

h =50.0 e[(x—500000)2+(y—320000)2]/2*1500002

seamount



Test case 2: Inversion of 3D free surface

Inflow
+]19 9

h =50.0 e[(x—500000)2+(y—320000)2]/2*1500002

seamount



Test the consistency of the gradient (Navon, 1992)

F(m + aoh) — 5{m)

ola) =

ahfV3 (m)
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log|Phi-1|

log|Phi-1]
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400

Distanca along the boundary (m) Distance along the boundary flkm)
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Optimal tidal forcing at the gpan boundary {m}
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== Exact valuss
Irifal guesa

= = Optimal values with 20 staic meshes

<o Dptimal values with adapdive mashes in the hotizomal and one layerin the verical
Cplimal valuss with 3-0 adapive meshes

Page 25 Tima (hr)



Functional

Forward model

X ol €

Tangent Linear Model - M)ax + (M).{m

" o Tl Ay T
Adjoint model IF(X «, r}) p

Gradient
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Functional
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e Test case;

 New options;
« 77
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